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57 ABSTRACT 
A tracking error detecting circuit in which tracking 
error detecting pilot signals having different frequencies 
are added to a main signal every track and recorded 
onto a magnetic recording medium, and upon reproduc 
tion, reproduction output levels of the pilot signals 
reproduced as crosstalks from both of adjacent tracks 
are compared, and a tracking erroris detected. n signals 
having the same frequencies as those of the pilot signals 
and whose phases are different are generated and multi 
plied to the reproduction signal. Unnecessary compo 
nents are eliminated by n LPFs (Lowpass filters). The 
amplitude values of the reproduced pilot signals are 
vector separated and detected. Further, the vector sepa 
rated amplitude values are vector synthesized and de 
tected. Therefore, by multiplying the signals having the 
same frequencies as those of the pilot signals, the syn 
chronous detection is performed. The influence due to 
the undetected pilot phases is solved by detecting by 
performing the vector separation and synthesis. There 
fore, the amplitude values can be certainly detected by 
the synchronous detection. The signal to noise ratio of 
the reproduction pilot signals can be determined by the 
LPFs (lowpass filters). Even in the case of a bad trans 
mission signal to noise ratio of the reproduction pilot 
signals which could not be coped by the conventional 
construction, the amplitude values can be certainly 
detected. 

12 Claims, 14 Drawing Sheets 
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TRACKING ERROR DETECTION CIRCUT OF 
MAGNETIC RECORDING AND REPRODUCTION 
APPARATUS FOR DETERMINING TRACKING 
ERROR BASED ON PILOT SIGNALS RECORDED 

ON A RECORDNG MEEDIUM 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The invention relates to a tracking error detecting 

circuit of a magnetic recording and reproducing appa 
ratus in which pilot signals to detect a tracking error are 
recorded together with a main signal onto a magnetic 
recording medium and, upon reproduction, the tracking 
erroris detected from reproduction output levels of the 
pilot signals. 

2. Description of the Related Art 
Hitherto, in a tracking error detecting circuit which 

is used in an 8 mm video tape recorder, four low fre 
quency pilot signals of different frequencies are set and 
the low frequency pilot signals are frequency multi 
plexed one by one to a video signal and recorded every 
video track. 
Upon reproduction, two low frequency pilot signals 

recorded on both of the adjacent video tracks are de 
tected as a crosstalk from the adjacent video tracks and 
reproduction output levels of two low frequency pilot 
signals are compared, thereby detecting a tracking error 
(for instance, Akira Hirota, “WITH RESPECT TO 
THE 8mm VIDEO TAPE RECORDER (1)"Techni 
cal Report of Japan Society of Television, VR61-1, 
Published on Feb. 23, 1984). 
FIG. 16 is a block diagram showing a construction of 
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a tracking error detecting circuit which is used in the 35 
conventional 8 mm video tape recorder (VTR). 

In FIG. 16, a signal recorded on a magnetic recording 
medium 501 is reproduced by a magnetic head 502 and 
an amplifying circuit 503. The reproduced signal in 
cludes pilot signals from both of the adjacent tracks. A 
4-frequency generating circuit 504 generates a signal 
having the same time base and frequency as those of the 
pilot signal of the reproduction track by using a clock 
generated from a color APC (Auto Phase Control) of 
the 8 mm VTR and a PG (rotating position detection 
pulse) of the 8 mm VTR. The signal from the generat 
ing circuit 504 is multiplied with the pilot signals from 
both of the adjacent tracks by multiplying circuits 505 
and 506. 
The signals generated from the multiplying circuits 

505 and 506, therefore, include a signal having the same 
frequency as that of a horizontal sync signal and a signal 
having a frequency which is three times as high as the 
frequency of the horizontal sync signal due to the pilot 
signals from both of the adjacent tracks in which time 
base fluctuation errors have been corrected. 
A signal having the same frequency as that of the 

horizontal sync signal and a signal having the frequency 
which is three times as high as the horizontal sync fre 
quency are extracted by band pass filters (hereinafter, 
abbreviated to BPFs) 507 and 508. 

Detecting circuits 509 and 510 execute the square 
detection or full wave detection and detect amplitude 
values of the signals generated from the BPFs 507 and 
508, respectively. Unnecessary components are elimi 
nated by low pass filters (hereinafter, abbreviated to 
LPFs) 511 and 512. A difference between outputs of the 

40 
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2 
LPFs 511 and 512 is obtained by a subtracting circuit 
513, thereby detecting a tracking error signal. 

However, hitherto, in the case where the tracking 
error detecting circuit is further made correspond to a 
format which needs to realize a narrow track or the like, 
it is necessary to further set the band of the BPF to a 
narrow band in order to improve the detecting accu 
racy of the tracking error. 
Even when a tank circuit of a narrow band (high Q) 

is used for the BPF, however, a range of up to Q=20 
can be realized and it is difficult to realize a hardware 
which provides a value of Q higher than such a value. 
Even in the case where a digital signal is used as a 

main signal and recorded together with the pilot signals 
for tracking or the like, since the digital signal has a 
signal component until the low frequency band, a recor 
ding/reproduction C/N ratio of the pilot signal deterio 
rates. To compensate the deteriorated amount, the band 
of the BPF also similarly needs to be made narrow and 
a problem similar to that mentioned above occurs. 

SUMMARY OF THE INVENTION 

In consideration of the above points, it is an object of 
the invention to provide a tracking error detecting cir 
cuit of a magnetic recording and reproducing apparatus 
in which a detecting accuracy of a tracking error which 
becomes a problem in the case of performing a narrow 
track pitch or the case of using a digital signal as a main 
signal can be accomplished irrespective of a band of a 
BPF and its hardware can be easily realized. 
According to an embodiment of the invention, ampli 

tudes of two pilot signals as both of adjacent crosstalk 
signals reproduced together with a main signal from a 
magnetic recording medium through a magnetic head 
are detected by the following construction. 
That is, 2N signals in which frequencies are the same 

as those of two pilot signals and phases are different by 
N phases are generated from a reference signal generat 
ing circuit. 
2N signals and the pilot signals reproduced as adja 

cent crosstalks are multiplied by 2N multiplications. 
Unnecessary components are eliminated from 2N multi 
plication outputs by 2N LPFs and the resultant signals 
are generated. 
The reason why one pilot signal is multiplied with N 

signals of N different phases is because since the phases 
of the pilot signals which are reproduced as adjacent 
crosstalks are undefined, in order to accurately detect 
the amplitude information from the pilot signals of the 
undefined phase, the amplitude information is separated 
into N vectors by the signals of N phases and detected. 

Therefore, with respect to one pilot signal, by vector 
synthesizing N outputs from the LPFs by a single vec 
tor synthesis, the accurate amplitudes of the pilot signals 
are detected irrespective of the phases thereof. 
The tracking error detecting accuracy is determined 

by the band of the LPF after completion of the multipli 
cation because the tracking error is detected in accor 
dance with the sync detecting system. The detecting 
S/N ratio, therefore, can be easily improved by narrow 
ing the band of the LPF and its hardware can be easily 
realized. 

Particularly, in the case of using the digital signal as a 
main signal, so long as the reference signal generating 
circuit is constructed by a PLL for generating a repro 
duction clock, a reproduction processing circuit can be 
commonly used. Further, the tracking error can be 
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detected while correcting also time base fluctuations of 
the pilot signals and it is extremely effective. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a block diagram of a main section of a 
tracking error detecting circuit in the first embodiment 
of the invention; 

FIG. 2 is a diagram showing a tape format when 
tracking pilot signals are added to a digital signal of a 
main signal and recorded; 
FIG. 3 is a diagram showing a block of a main section 

of a tracking error detecting circuit in the second em 
bodiment of the invention; 

FIG. 4 is a diagram showing a block of a main section 
of a tracking error detecting circuit in the third embodi 
ment of the invention; 
FIG. 5 is a principle waveform diagram showing the 

principle of the third embodiment of the invention; 
FIGS. 6A to 6E are diagrams showing blocks of main 

sections of tracking error detecting circuits in the appli 
cations of the third embodiment of the invention; 

FIG. 7 is a diagram showing a block of a main section 
of a tracking error detecting circuit in the fourth em 
bodiment of the invention; 

FIG. 8 is a principle waveform diagram showing the 
principle of the fourth embodiment of the invention; 
FIG. 9 is a diagram showing a block of a main section 

of a tracking error detecting circuit in the fifth embodi 
ment of the invention; 
FIG. 10 is a principle waveform diagram showing the 

principle of the fifth embodiment of the invention; 
FIGS. 11A to 11C are diagrams showing blocks of 

main sections of tracking error detecting circuits in the 
applications of the fifth embodiment of the invention; 

FIG. 12 is a diagram showing a block of a main sec 
tion of a tracking error detecting circuit in the applica 
tion of the third embodiment of the invention; 
FIGS. 13A and 13B are constructional diagrams of 

transistor circuits which are used for the maximum 
value of the invention; 

FIG. 14 is a diagram showing a block of a main sec 
tion of a tracking error detecting circuit in the sixth 
embodiment of the invention; 
FIGS. 15A and 15B are principle waveform diagrams 

showing the principle of the sixth embodiment of the 
invention; and 
FIG. 16 is a diagram showing a block of a main sec 

tion of a tracking error detecting circuit which is used in 
a conventional 8 mm VTR. 

DESCRIPTION OF THE PREFERRED 
EMBODEMENTS 

Embodiments of the present invention will be de 
scribed hereinbelow with reference to the drawings. 
FIG. 1 shows a block diagram of a main section of a 

tracking error detecting circuit of a magnetic recording 
and reproducing apparatus in the first embodiment of 
the invention. 
A signal shown in FIG. 2 is reproduced by a mag 

netic head H1 and supplied to a terminal 0. 
That is, a digital signal as a main signal and tracking 

pilot signals f and f2 are respectively added and re 
corded to tracks T and T3 formed on a magnetic tape. 
Frequencies of the pilot signals f and fare set to values 
which are fractions of integer of a clock frequency of 
the main digital signal. 
A digital signal as a main signal and a tracking pilot 

signal fo are recorded on a track T2 (fo/f/f). 
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4. 
Now, assuming that the magnetic head H1 is located 

over the track T2, the digital signal including the track 
ing pilot signals f and f2 which are reproduced as adja 
cent crosstalks is reproduced. 

Returning to FIG. 1, the reproduction signal from the 
magnetic head H is amplified and supplied to the termi 
nal 0. 
A reference signal generating circuit 1 generates N 

signals in which frequencies are the same as those of the 
tracking pilot signals f and f2 and phases differ every 
pilot signals f and f2. 
As shown in FIG. 2, in the case where the main signal 

is the digital signal and the frequency of the tracking 
pilot signals is set to values which are fractions of inte 
gers of the clock frequency, the reference signal gener 
ating circuit 1 comprises an equalizer (EQ) 2, a PLL 
circuit 3, and frequency dividers 4 and 5. The EQ cir 
cuit 2 is fundamentally constructed by a cosine equal 
izer circuit and corrects a frequency deterioration of the 
reproduction digital signal. The PLL circuit 3 is funda 
mentally constructed by a phase comparator, an LPF, 
and a voltage controlled oscillator and generates a 
clock of the digital signal from the edge of the digital 
signal as an output of the EQ 2. 
The frequency dividers 4 and 5 are fundamentally 

constructed by counter circuits and respectively gener 
ate N signals in which frequencies are the same as those 
of the pilot signals f and f2 and phases differ. 
N multipliers 6 and 7 multiply the signal supplied to 

the terminal 0 and the N signals which are generated 
from the reference signal generating circuit 1 and in 
which the frequencies are the same as that of the pilot 
signal f and the phases are different. 

Similarly, N multipliers 8 and 9 multiply the signal 
supplied to the terminal 0 and N signals in which the 
frequencies are the same as that of the pilot signal f 
generated from the reference signal generating circuit 1 
and the phases are different. - 
The reason why the N signals having different phases 

are multiplied as mentioned above is because since the 
phases of the pilot signals f and f2 which are supplied to 
the terminal 0 and reproduced as adjacent crosstalks 
cannot be decided, the accurate amplitude value cannot 
be detected. 

Therefore, the signal supplied to the terminal 0 is 
multiplied with the signals in which the frequencies are 
the same as that of the pilot signal and phases are set to 
different N phases and is vector separated and the accu 
rate amplitude value of the pilot signal is detected as a 
vector separation component. 

In NLPFs 10 to 11 and NLPFs 12 to 13, unnecessary 
components are eliminated and N vector separated 
components are detected every pilot signals f and f2. 
The amplitude components are vector synthesized by 

vector synthesizing circuits 14 and 15 every pilot signals 
fi and f2 and are detected and supplied to a differential 
circuit 16. 
The differential circuit 16 compares the detected 

amplitude values of the pilot signals f and f2 and detects 
as a tracking error signal. 
As mentioned above, since the amplitude values are 

detected by the synchronous detections by the multipli 
ers 6 to 7 and multipliers 8 to 9, a detecting S/N ratio is 
determined by the LPFs 10 to 11 and LPFs 12 to 13. 
As in the conventional example, therefore, the detect 

ing S/N ratio is not decided by the band of the BPF but 
is determined by the band of the LPF. The low band of 
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the LPF, thus, can be realized by a simple circuit con 
struction and it becomes extremely effective realizing 

3.S. 

Although the phases of the pilot signals f and f, 
which are reproduced as adjacent crosstalks cannot be 5 
unconditionally determined by a head attaching error 
or the like, since the amplitude values are vector sepa 
rated and the amplitude components are detected, the 
amplitude values can be detected irrespective of the 
phase. Thus, an error due to the undefined phase doesn't 10 
OCC. 

A block of a main section in the second embodiment 
of the invention is shown in FIG. 3 and will now be 
explained with reference to FIG. 3. 
In FIG. 3, the same component elements as those 

shown in the first embodiment are designated by the 
same reference numerals. The reproduction digital sig 
nal including the tracking pilot signals f and frepro 
duced as adjacent crosstalks is supplied to the terminal 
0 in a manner similar to the first embodiment. 20 

Multipliers 21 and 22 multiply the signal supplied 
from the terminal 0 and the signals (SIN wave and COS 
wave) having the same frequency as that of the pilot 
signal f and whose phases differ by 90' which have 
been generated from the reference signal generating 
circuit 1 and transmit to LPFs 25 and 26. 
The LPFs 25 and 26 eliminate the unnecessary com 

ponents and generate components which are vector 
separated into an SIN wave axis and a COS wave axis 
and indicate the amplitude value of the pilot signal f. 

Similarly, in multipliers 23 and 24 and LPFs 27 and 
28, components which are vector separated into the 
SIN wave axis and COS wave axis of the pilot signal f 
and indicate the amplitude value of the pilot signal f, is and generated. 
The vector synthesizing circuit 14 comprises square 

circuits 29 and 30, an adder 33, and a square root circuit 
36 and synthesizes the vector components which are 
supplied from the LPFs 25 and 26 and indicate the 40 
amplitude value of the pilot signal fi and detects the 
amplitude value of the pilot signal f. 
That is, as for the components separated into the SIN 

wave axis and COS wave axis, assuming that the ampli 
tude value of the pilot signal f is set to A and that there 45 
is a phase deviation of 8 from the SIN wave axis, the 
components which are generated from the LPFs 25 and 
26 are obtained by (A * SIN8) and (A * COS6). (The 
amplitude value of the signal which is generated from 
the reference signal generating circuit 1 assumes 1.) 50 
The square circuits 29 and 30 respectively square (A 
SIN0) and (A* COS8). The adder 33 adds both of the 

output signals of the square circuits 29 and 30, so that 
A2 (SIN20--COS20) is obtained. That is, the ampli 
tude value of the pilot signal f is derived irrespective of 55 
the phase 8. 
The square root circuit 36 calculates a square root of 

the output of the adder 3 and generates the amplitude 
value (A in the example) of the pilot signal f. 

Therefore, in the above vector synthesizing circuit 60 
14, the accurate amplitude value of the pilot signal f 
can be detected irrespective of the phase of the pilot 
signal f supplied from the terminal 0. 
The vector separated components of the pilot signal 

f, that is, outputs of the LPFs 27 and 28 are also synthe- 65 
sized by the vector synthesizing circuit 15 comprising 
square circuits 31 and 32, an adder 34, and a square root 
circuit 35 in a manner similar to the above. The ampli 

25 

30 

6 
tude value of the pilot signal f is detected and supplied 
to the differential circuit 16. 

Lastly, the difference circuit 16 compares the ampli 
tude values of two detected pilot signals and detects and 
generates a tracking error signal in a manner similar to 
the first embodiment. 

Therefore, in a manner similar to the first embodi 
ment, the detecting S/N ratio is decided by the band of 
the LPF. The detecting S/N ratio can be improved by 
narrowing the band of the LPF and the above construc 
tion becomes extremely effective realizing means. 
Although the phases of the pilot signals f and f2 

which are reproduced as adjacent crosstalks cannot be 
determined, since the amplitude components are de 
tected by vector separating, the amplitude value can be 
detected irrespective of the phase and it is extremely 
effective. 

In case the circuit in FIG. 3 is realized by a digital 
circuit in which the BPF and an analog-digital con 
verter are inserted between the terminal 0 and the multi 
pliers, the digital circuit is simplified by being set to 
frequency relation between the frequency of the pilot 
signal and the clock frequency in the analog-digital 
converter as below. 
That is, the frequency relation between the pilot sig 

nals f and f2 are set to "f=1.5' f', and the clock 
frequency (f clk) are set to "f clk=6"f". 

Therefore, the digital circuit is simplified because 
output of frequency dividers 4 and 5 become a constant 
(-ti, --V3/2, -t, 0) by being set to as mentioned 
above. 
A block of a main section in the third embodiment of 

the invention is shown in FIG. 4 and will now be de 
scribed with reference to the drawings. 
In FIG. 4, the same component elements as those 

shown in the first embodiment are designated by the 
same reference numerals. 
The third embodiment differs from the second em 

bodiment with respect to a point that the vector synthe 
sis is approximately performed so as to simplify a con 
struction of the vector synthesizing circuit. 
The reproduction digital signal including the tracking 

pilot signals f and f2 reproduced as adjacent crosstalks 
is supplied to the terminal 0 in a manner similar to the 
first embodiment. 

In a manner similar to the second embodiment, the 
reference signal generating circuit 1 is constructed by 
the EQ 2, PLL 3, and frequency dividers 4 and 5 and 
respectively generates two signals having the same 
frequencies as those of the pilot signals f and f2 and 
whose phases are different by 90'. 

Multipliers 41, 42,43, and 44 multiply the signal gen 
erated from the reference signal generating circuit 1 and 
the signal supplied from the terminal 0 in a manner 
similar to the second embodiment. The amplitude value 
components of the vector separated pilot signals are 
detected by LPFs 45, 46, 47, and 48. 
Two non-inverting waveform and inverting wave 

form are generated as outputs of each of the LPFs 45 to 
48. 
The vector synthesizing circuit 14 comprises maxi 

mum value circuits 49 and 50, an adder 53, a 1/A time 
multiplying circuit 55, and a maximum value circuit 57. 
The operation of the vector synthesizing circuit 14 

will now be described with reference to a principle 
waveform diagram shown in FIG. 5. 
That is, the maximum value circuit 49 compares am 

plitude values of the non-inverting waveform and in 
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verting waveform generated from the LPF 45 and se 
lects either larger one of them and generates. 
A signal which is generated from the maximum value 

circuit 49, therefore, has a waveform W1 in FIG. 5 for 
the phase of the input pilot signal. 

Similarly, a maximum value circuit 50 compares am 
plitude values of the non-inverting waveform and in 
verting waveform generated from the LPF 46 and se 
lects either larger one of them and generates, so that a 
waveform W2 shown in FIG. 5 is derived. 
The adder 53 adds the outputs of the maximum value 

circuits 49 and 50. The 1/A time multiplying circuit 55 
multiplies 1/A to an output of the adder 53 so as to 
obtain the amplitude value which is equal to the ampli 
tude values of the outputs of the maximum value cir 
cuits 49 and 50. That is, in this case, the circuit 55 multi 
plies 1/V2 to the output of the adder 53 and generates 
the resultant signal. 
The signal generated from the 1/A time multiplying 

circuit 55, therefore, has a waveform W3 shown in FIG. 
S. 
The maximum value circuit 57 compares outputs of 

the maximum value circuits 49 and 50 and 1/A time 
multiplying circuit 55 and selects the maximum value 
among them, so that a waveform shown by a solid line 
in FIG. 5 is derived. 

Therefore, FIG. 5 shows a state in which a phase of 
the input pilot signal is changed on the assumption that 
the amplitude value of the tracking pilot signal is con 
stant, so that the signal approximately includes an error 
of a certain extent. However, since an approximate 
error is small, the tracking error detecting accuracy is 
hardly influenced. The pilot amplitude values can be 
vector synthesized and detected irrespective of the 
phase of the input pilot signal. 
The vector synthesizing circuit 15 is also constructed 

by maximum value circuits 51 and 52, an adder 54, a 
l/A time multiplying circuit 56, and a maximum value 
circuit 58 and executes the same operation as that of the 
vector synthesizing circuit 14 and vector synthesizes 
the amplitude values of the tracking pilot signals and 
generates. 
The differential circuit 16 calculates a difference be 

tween the amplitude values of the two tracking pilot 
signals generated from the vector synthesizing circuits 
14 and 15 and detects a tracking error signal and gener 
ates. 

Therefore, in a manner similar to the first and second 
embodiments, the detecting S/N ratio is decided by the 
band of the LPF and can be improved by narrowing the 
band of the LPF. The above construction becomes 
extremely effective means. 

Since the square circuit and the square root circuit 
are unnecessary as compared with the second embodi 
ment, the embodiment can be realized by a simple cir 
cuit construction and it becomes extremely effective 
realizing means. 

FIGS. 6A to 6E show modifications of the third 
embodiment. Even when the vector synthesizing circuit 
14 and the vector synthesizing circuit 15 having the 
same construction as that of the vector synthesizing 
circuit 14 can be realized by constructions shown in 
FIG. 6, the same effect can be obtained. 
That is, in Fig. A, absolute value circuits 65 and 66 

are used in place of the maximum value circuits 49 and 
50 and the maximum value circuits 51 and 52 in FIG. 4. 
By using the absolute value of either one of the outputs 
of the non-inverting waveform and inverting waveform 
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from LPFs 63 and 64, the same waveforms as those of 
the maximum value circuits 49 and 50 and the maximum 
value circuits 51 and 52 can be generated. 
As shown in FIG. 6B even when non-inverting wave 

forms and inverting waveforms of LPFs 73 and 74 and 
an output of a 1/A time multiplying circuit 78 are com 
pared as signals which are supplied to a maximum value 
circuit 79 and the maximum value is obtained, outputs 
similar to those of the maximum value circuits 57 and 58 
shown in FIG. 4 can be obtained. 
According to a construction of FIG. 6C, non-invert 

ing waveforms and inverting waveforms of LPFs 83 
and 84 are respectively compared by maximum value 
circuits 85 and 86 and the maximum values are gener 
ated. 
An adder 87 adds the outputs of the maximum value 

circuits 85 and 86. An output of the adder 87 is multi 
plied with 1/A time by a 1/A time multiplying circuit 
88, thereby obtaining amplitude values similar to those 
of the outputs of the maximum value circuits 85 and 86. 
A maximum value circuit 89 compares the outputs of 
the maximum value circuits 85 and 86 and selects the 
maximum value and generates. 
When an output of the 1/A time multiplying circuit 

88 and an output of the maximum value circuit 89 are 
added by an adder 90 and an addition signal is gener 
ated, the vector synthesis can be also performed in a 
manner similar to FIG. 4 although the output amplitude 
value level changes. 

FIG. 6D shows a construction in which absolute 
value circuits 95 and 96 are used in place of the maxi 
mum value circuits 85 and 86 shown in FIG. 6C. In a 
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manner similar to FIG. 6A, even by obtaining the abso 
lute value of either one of the non-inverting waveform 
and the inverting waveform of each of LPFs 93 and 94, 
the same signals as those of the waveforms which are 
generated from the maximum value circuits 85 and 86 
can be generated. 

Lastly, in FIG. 6E, the non-inverting wave-forms and 
inverting waveforms of the LPFs 103 and 104 are re 
spectively compared by the maximum value circuits 105 
and 106 and the maximum values are generated there 
from. 
Outputs of maximum value circuits 105 and 106 are 

added by an adder 107, an output of the adder 107 is 
multiplied with 1/A time by a 1/A time multiplying 
circuit 108, and the amplitude value levels are matched 
and generated in a manner similar to the third embodi 
ment of FIG. 4. 
A maximum value circuit 109 compares four signals 

of non-inverting waveforms and inverting waveforms 
of the LPFs 103 and 104 and selects the signal indicative 
of the maximum value and generates. 
When an output of the 1/A time multiplying circuit 

108 and an output of the maximum value circuit 109 are 
added by an adder 110 and an output is generated there 
from, the vector synthesis can be also performed in a 
manner similar to FIG. 4 although the output amplitude 
value level changes. The amplitude values of the track 
ing pilot signals can be detected. Therefore, FIGS. 6A 
to 6E relate to the modifications of the third embodi 
ment. The construction of the vector synthesizing cir 
cuit 14 and the construction of the vector synthesizing 
circuit 15 having the same construction as the vector 
synthesizing circuit 14 can be replaced by the construc 
tions shown in FIGS. 6A to 6E and the same effect as 
that in the third embodiment can be obtained. 
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A block of a main section in the fourth embodiment 

of the invention is shown in FIG. 7 and will now be 
described with reference to the drawing. 

In FIG. 7, the same component elements as those 
shown in the first embodiment are designated by the 
same reference numerals 
The fourth embodiment differs from the second em 

bodiment with respect to a point that the construction 
of the vector synthesis is replaced by a construction 
using conventional detecting circuits 
The reproduction digital signal including the tracking 

pilot signals f and f2 reproduced as adjacent crosstalks 
is supplied to the terminal 0 in a manner similar to the 
first embodiment. 
The reference signal generating circuit 1 is con 

10 
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structed by the EQ 2, PLL 3, and frequency dividers 4 
and 5 in a manner similar to the second embodiment and 
respectively generates two signals having the same 
frequencies as those of the pilot signals f and f2 and 
whose phases are different by 90'. 

Multipliers 111, 112, 113, and 114 execute multiplica 
tions of the signals generated from the reference signal 
generating circuit 1 and the signal supplied from the 
terminal 0 in a manner similar to the second embodi 
ment. Amplitude value components of the vector sepa 
rated pilot signals are detected by LPFs 115, 116, 117, 
and 118. 
Two non-inverting waveform and inverting wave 

form are generated as outputs of each of the LPFs 115 
to 118. 
That is, the amplitude components which are gener 

ated from the LPFs 115 and 116 (or LPFs 117 and 118) 
are the components which have been separated into the 
SIN wave axis and COS wave axis because there is a 
phase difference of 90 between the signals generated 
from the reference signal generating circuit 1. The gen 
eration of the non-inverting waveform and inverting 
waveform denotes that the components of the -SIN 
wave axis and -COS wave axis are further generated. 

Therefore, when it is now assumed that the amplitude 
value (PP value) of the pilot signal is set to 2A and the 
amplitude value (pp value) of the signal generated from 
the reference signal generating circuit is set to 2 and 
there is a phase difference of 6 between the signal gener 
ated from the reference signal generating circuit 1 and 
the pilot signal, the outputs of the LPFs 115 and 116 (or 
LPFs 117 and 118) can be expressed by ASIN0, 
ACOS6, - ASIN0, and -ACOS8, respectively. 
The vector synthesizing circuit 14 comprises an oscil 

lating circuit 119, a 4-signal switching circuit 120, a 
BPF 122, a detecting circuit 124, and an LPF 126. The 
BPF 122, detecting circuit 124, and LPF 126 can be 
constructed in the same manner as those in the conven 
tional tracking error detecting circuit. 
When the signals of the LPFs 115 and 116 are 

switched every period T by the 4-signal switching cir 
cuit 120 in accordance with the signal of the period T 
generated from the oscillating circuit 119, a waveform 
as shown in FIG. 8(b) is derived. 

Therefore, when the waveform of FIG. 8(b) is trans 
mitted through the BPF 122 having the center fre 
quency (T), a sine wave (period 4T) of the amplitude 
(PP value) 2A shown in FIG. 8(a) is derived. 

In this case, the waveform shown in FIG. 8(a) is such 
that the amplitude components of the reproduction 
pilot signals are vector synthesized and shown and the 
noise band is determined by the bands of the LPFs 115 
and 116 shown in FIG. 7. Therefore, there is no need to 
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narrow the band of the BPF 122 in order to improve the 
detecting S/N ratio. 

Returning to FIG. 7, the signal generated from the 
BPF 122 is supplied to the detecting circuit 124. 
The detecting circuit 124 has the same construction 

as that of the detecting circuit 509 in FIG. 16 of the 
conventional example and detects an envelope. An out 
put signal of the detecting circuit 124 is transmitted to 
the LPF 126, so that only the amplitude value of the 
reproduction pilot signal is detected. w 
On the other hand, the vector synthesizing circuit 15 

is also constructed by a 4-signal switching circuit 121, a 
BPF 123, a detecting circuit 125, and an LPF 127 and 
vector synthesizes the amplitude values of the pilot 
signals and detects by the same principle as that of the 
vector synthesizing circuit 14. 
The signal of the period T which can be used com 

monly to the vector synthesizing circuit 14 is realized 
by using the signal from the oscillating circuit 119. 
The differential circuit 16 calculates a difference be 

tween the signals generated from the vector synthesiz 
ing circuits 14 and 15 and detects a tracking error and 
generates. 

Therefore, by constructing as mentioned above, the 
construction in which the detecting S/N ratio can be 
decided by the LPF can be realized by using the con 
ventional circuit and it is extremely effective. 
As compared with the third embodiment of the in 

vention, since the vector synthesis is not approximately 
performed, there are features such that no detection 
error occurs and the like. 
Although the fourth embodiment has been described 

with respect to the case of using two vector axes, a 
similar result is derived even when the vector axes are 
expanded to n axes and the n signal switching is exe 
cuted. . 

Further, in the case of increasing the number of vec 
tor axes to n, frequency differences from harmonics to 
be eliminated by the BPFs 122 and 123 increase and the 
constructions of the BPFs 122 and 123 can be simplified. 
A block of a main section in the fifth embodiment of 

the invention is shown in FIG. 9 and will be described 
with reference to the drawings. 

In FIG. 9, the same component elements as those 
shown in the first embodiment are designated by the 
same reference numerals. 
The fifth embodiment differs from the third embodi 

ment with respect to a point that by respectively multi 
plying then phase signals, the vector separation axes are 
increased and the approximate vector synthesizing ac 
curacy is improved. 
The reproduction digital signal including the tracking 

pilot signals f and f2 reproduced as adjacent crosstalks 
is supplied to the terminal 0 in a manner similar to the 
first embodiment. 
The reference signal generating circuit 1 has the same 

construction as that of the first enbodiment and com 
prises the EQ 2, PLL 3, and frequency dividers 4 and 5 
and respectively generates in reference signals having 
the same frequency as that of the pilot signal and whose 
phases are different with respect to each of the pilot 
signals f and f2. - 

in multipliers 131 to 132 and n multipliers 133 to 134 
multiply the pilot signals f and f2 generated from the 
reference signal generating circuit 1 with n reference 
signals and the number of vector separation axes is 
increased. 
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Subsequently, in LPFs 135 to 136 and n LPFs 137 to 
138 detect only the amplitude components of the pilot 
signals which have been vector separated and supply to 
the vector synthesizing circuits 14 and 15, respectively. 
The vector synthesizing circuit 14 comprises in abso 

lute value circuits 139 to 140 and an adder 143. 
The principle of the vector synthesizing circuit 14 

will now be described by using a principle waveform 
diagram (in the case where n=3) of FIG. 10. 
That is, waveforms which are generated from the 

absolute value circuits 135 to 136 are as shown at WN, 
WN2, and WN3 in FIG. 10. 

Therefore, by adding the waveforms WN1, WN2, and 
WN3 by the adder 143, a waveform of WN4 is obtained 
and is approximately vector synthesized to the value 
indicative of the amplitude value of the pilot signal 
irrespective of the phase of the input pilot signal. 
On the other hand, returning to FIG. 9, the vector 

synthesizing circuit 15 also has the same construction as 
that of the vector synthesizing circuit 14 and comprises 
in absolute value circuits 41 to 142 and an adder 144. In 
a manner similar to the vector synthesizing circuit 14, 
the vector synthesizing circuit 15 synthesizes the ampli 
tude value (amplitude value of the pilot signal f, so long 
as the vector synthesizing circuit 14 detects the ampli 
tude value of the pilot signal f) of another pilot signal 
and generates. 
The differential circuit 16 calculates a difference be 

tween the output signals supplied from the vector syn 
thesizing circuits 14 and 15 and detects a tracking error 
and generates. 
From the foregoing principle, an approximating ac 

curacy of the vector synthesis is improved as the num 
ber of vector separation axes is increased, so that the 
vector synthesizing circuits 14 and 15 become ex 
tremely effective constructing means. 

In a manner similar to the third embodiment, the 
vector synthesizing circuit can be realized by simple 
construction using the absolute value circuits and the 
adder and becomes extremely effective realizing means. 

FIGS. 1A to 11C show modifications of the fifth 
embodiment. Even when the vector synthesizing circuit 
14 and the vector synthesizing circuit 15 having the 
same construction as that of the vector synthesizing 
circuit 14 are realized by constructions shown in FIGS. 
11A to 11C, the same effect as that of the fifth embodi 
ment can be obtained. 
That is, in FIG. 11A, even when the adder 143 or 144 

as a component element of the vector synthesizing cir 
cuit 14 or 15 shown in FIG. 9 is replaced by a maximum 
value circuit 157 and the maximum value of the input 
signals is selected and generated, the same effect as that 
in FIG. 9 is derived. 

In the constructions shown in FIG. 11B and 9, first of 
all, as compared with the output construction of the 
LPFs 135 to 136 or LPFs 137 to 138 shown in FIG. 9, 
the non-inverting waveforms and inverting waveforms 
are simultaneously generated in the construction of 
LPFs 63 to 164 in FIG. B. 

In place of the absolute value circuits 139 to 140 or 
absolute value circuits 141 to 142 as component ele 
ments of the vector synthesizing circuit 14 or 15 shown 
in FIG. 9, maximum value circuits 165 to 166 shown in 
FIG. 11B are used and magnitudes of non-inverting 
waveforms and inverting waveforms of the LPFs 163 to 
164 are respectively compared and the maximum values 
are selected and generated. 
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12 
Therefore, by constructing as mentioned above, the 

output waveforms of the absolute value circuits 139 to 
140 or absolute value circuits 141 to 142 shown in FIG. 
9 and the output waveforms of the maximum value 
circuits 165 to 166 shown in FIG. 11B are substantially 
the same waveforms, so that a complete equivalent 
construction is obtained. 

Further, in a manner similar to FIG. 11A, the same 
effect as that in FIG. 9 is obtained even when the adder 
143 or 144 as a component element of the vector synthe 
sizing circuit 14 or 15 shown in FIG. 9 is replaced by a 
maximum value circuit 167 shown in F.G. 11B. 
As shown in FIG. 11C, even when the maximum 

value circuits 165, 166, and 167 shown in FIG. 11B are 
replaced by one maximum value circuit 175, the same 
effect as that in FIG. 9 is derived. 

FIG. 12 shows a construction in which the number of 
vector separation axes in the third embodiment men 
tioned above is increased and the approximation of the 
vector synthesis is improved. 

Since the vector separation and vector synthesis have 
the same construction with respect to the pilot signals 
fi and f2, in the case of FIG. 12, the construction of only 
one of the pilot signals f and f2 is shown. 

In the foregoing third embodiment, that is, in the 
block construction of the main section of FIG.4, signals 
generated from the maximum value circuits 49 and 50 or 
maximum value circuits 51 and 52 are added by the 
adder 53 or 54 and multiplied with 1/A time by the 1/A 
time multiplying circuit 55 or 56 to thereby obtain the 
standardized amplitudes and those amplitudes are trans 
mitted to the maximum value circuit 57 or 58. 

Therefore, the waveform which is generated from 
the 1/A time multiplying circuit 55 or 56 is set to W3 
shown in FIG. 5. The W3 waveform has the maximum 
value at a valley portion, namely, a P1 point in the case 
where the maximum value of the waveforms which are 
generated from the maximum value circuits 49 and 50 or 
maximum value circuits 51 and 52 shown in FIG. 4, that 
is, the W1 waveform and W2 waveform shown in FIG. 
5 is selected. 

Therefore, by obtaining the maximum value of the 
waveforms of W1, W2, and W3 shown in FIG. 5, the 
vector synthesis can be preferably approximated. 
The waveforms of W1, W2, and W3 in the construc 

tion of FIG. 4 mentioned above have the relations as 
shown at P1 point in FIG. 5 in the case where the vector 
separation axes of the even number exist. 

Therefore, FIG. 12 shows the construction in the 
case where the even number of vector separation axes 
exist. 
That is, the reference signal generating circuit 1 gen 

erates 2n reference signals having the same frequency as 
that of the pilot signal and whose phases differ. 
The amplitude components of the pilot signals sup 

plied from the terminal 0 are vector separated by 2n 
multipliers 181, 182 to 183, and 184. The vector sepa 
rated components are detected by 2n LPFs 185, 186 to 
187, and 188. 
Two kinds of non-inverting waveform and inverting 

waveform are generated as signals which are generated 
from each of the LPFs 185, 186 to 187, and 188. 
The maximum values of the signals generated from 

the LPFs 185, 186 to 187, and 188 are selected by maxi 
mum value circuits 189, 190 to 191, and 192 and gener 
ated. 
The signals generated from the maximum value cir 

cuits 189, 190 to 191, and 192 are added by an adder 193. 
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An output signal of the adder 193 is multiplied with 
l/Antime by a 1/Antime multiplying circuit 194 and is 
standardized so as to have the amplitude values similar 
to those of the signals which are generated from the 
maximum value circuits 189, 190 to 191, and 192 and is 
generated. 
A maximum value circuit 195 compares the outputs 

from the maximum value circuits 189, 190 to 191, and 
192 and an output of the 1/Antime multiplying circuit 
194 and selects the maximum value and generates. 

Therefore, as mentioned above, in FIG. 12, the signal 
is separated into an even number of vectors and is vec 
tor synthesized and the amplitude value of the pilot 
signal is detected. Therefore, as compared with the 
third embodiment shown in FIG. 4, an approximate 
error of the vector synthesis decreases, the detecting 
accuracy of the tracking error can be improved, and the 
above construction becomes extremely effective realiz 
ing means. 
The maximum value circuits shown in FIGS. 4, 6, 11, 

and 12 can be realized by a simple transistor circuit 
shown in FIG. 13A. 
That is, reference numeral 201 denotes a group of 

NPN transistors of the emitter coupling type; 211 to 213 
NPN transistors; 202 a constant current source; 203 an 
output terminal; and 205, 206, and 207 input terminals. 
(However, FIG. 13A shows the case of three inputs.) 

It is now assumed that voltages at the terminals 205, 
206, and 207 are set to V1,V2, and V3 and an output 
voltage at the terminal 203 is set to Vo. 
FIG. 13B shows an operation principle waveform 

and explanation will now be made with reference to the 
waveform. 

Signals 301, 302, and 303 shown in FIG. 13B are 
supplied to the input terminals 205, 206, and 207, respec 
tively. 
When 0 = 81, only the NPN transistor 213 is conduc 

tive, so that the output Vo at that time is 

where, K: 
Boltzmann's constant 
K: absolute temperature 
q: charges of electrons 
Is: saturation current 
E: emitter current, E=Io in this case 
By practically substituting constants KT/q=0.026 

(V), lost 50 (LA), and Is=2.2x10-6 (A), 
Vo=V3-0.6799 (V). 
When 8=63, only the NPN transistor 212 is conduc 

tive. Therefore, the output Vo at that time is 

where, Eso in this case. 
In a manner similar to the above, by substituting the 

constants, Voss V2-0.6799 (V). 
On the other hand, when 6s 82, V3s V2 and the 

NPN transistors 213 and 212 are made conductive and 
their emitter currents are set to Io/2. 
At that time, the output Vois 

As compared with the cases where 8 = 61 and 0 = 83, the 
base emitter voltage VBE (=KT/q.1(Io/2/12)) of each 
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of the NPN transistors 213 and 212 decreases by only 
AV. 
When 61 (6C03, the current Io is respectively dis 

tributed as emitter currents of the transistors 213 and 
212 and the voltage VBE is smaller than the case where 
8=61=63. 
As a result, the output Vo has a waveform in which 

the ripple component is improved as shown by a solid 
line in F.G. 13.B. 
When AV is actually obtained, 

By practically substituting the constants in a manner 
similar to the above, AV= 18.0 mV. 

Therefore, by using the construction of FIG. 13A for 
the maximum value circuit as a component element of 
the tracking error detecting circuit, the output signal 
ripple can be reduced by the above reason. Further, the 
vector synthesis error for the input signal phase can be 
reduced and the above construction is extremely effec 
tive. . 

Lastly, the sixth embodiment of the invention will 
now be described in accordance with a block diagram 
of a main section of FIG. 14. 

FIG. 14 differs from FIG. 1 with respect to points 
that a BPF 400 is inserted for an input and that wave 
forms of three values are used as output waveforms of 
the reference signals having the same frequencies as 
those of the pilot signals generated from the frequency 
dividers 4 and 5 and whose phases differ. 
That is, in FIG. 1, there is a problem such that in the 

case where the frequency dividers 4 and 5 are con 
structed by digital frequency dividing circuits, signals 
of square waveforms are generated from the frequency 
dividers 4 and 5 and the odd-number order harmonics 
components exist. Therefore, in the case where the 
multiplications have been performed by the multipliers 
6, 7, 8, and 9, since the frequency band in which no pilot 
signal exists is converted into a band near the direct 
current by the odd-number order harmonics, problems 
such that the amplitude value of the pilot signal cannot 
be accurately detected and the like occur. 

Therefore, by inserting the BPF 400 after the termi 
nal 0 as shown in FIG. 14 and by previously eliminating 
the odd-number order harmonics component, such 
problems are eliminated and the above construction 
becomes extremely effective constructing means. 

In the case where the band of the BPF 400 cannot be 
narrowed, the waveforms which are generated from the 
frequency dividers 4 and 5 are set to the waveforms 
having three values. 
That is, now assuming that the waveform which is 

generated from the frequency divider 4 or 5 is set to 
square waves such as two square waves shown in FIG. 
15A, two 3-value waveforms shown in FIG. 15B are 
generated in place of the square waves. In the above 
case, however, as shown in FIG. 15B, the waveforms 
which satisfy the duty ratio m: n=1:2 are generated. 
As mentioned above, by generating the waveforms as 

shown in FIG. 15B, the third-order harmonics compo 
nent among the odd-number order harmonics becomes 
infinitesimal and only the harmonics components of 
fifth order or higher exist. 

Returning to FIG. 14, therefore, assuming that the 
waveforms which are generated from the frequency 
dividers 4 and 5 are set to the 3-value waveforms shown 
in FIG. 15B, it is sufficient for the BPF 400 to merely 
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eliminate the frequency band of fifth order or higher 
and there is no need to provide a sharp BPF. The above 
construction becomes extremely effective constructing 

Although FIG. 14 has been described with respect to 5 
the case of the construction in which one BPF 400 is 
inserted, one BPF for each pilot signal, namely, total 
two BPFs can be also inserted. In such a case, the band 
of the BPF can be easily set. 
We claim: 
1. A tracking error detecting circuit of a magnetic 

recording and reproducing apparatus in which pilot 
signals of different frequencies to detect a tracking error 
are added to a video signal and recorded to each track 
on magnetic recording medium by a recording and 
reproducing magnetic head, and when a predetermined 
recording track is reproduced by the recording and 
reproducing magnetic head, reproduction output levels 
of the pilot signals reproduced as crosstalks from both 
of the adjacent tracks are compared, and the tracking 
error is detected, comprising: 
a reference signal generating circuit for generating 
two sets of two amplitude detection reference sig 
nals having the same frequencies as those of said 
adjacent pilot signals and whose phases are differ 
ent by 90'; 

two sets of two multiplying circuits for multiplying 
outputs from the reference signal generating circuit 
and the reproduction output from the recording 
and reproducing magnetic head; 

two sets of two LPFs for eliminating components 
other than the amplitude detection signals of the 
pilot signals from outputs of the multiplying cir 
cuits; 

two sets of vector synthesizing circuits for synthesiz 
ing the outputs of the LPFs to amplitude values of 
the normal pilot signals; and 

a differential circuit for obtaining difference between 
the signals generated from said two sets of vector 
synthesizing circuits and for detecting the tracking 
error. 

2. A tracking error detecting circuit according to 
claim 1, wherein said video signal is a digital signal, the 
tracking error detecting pilot signals having different 
frequencies every track which are fractions of integers 
of a clock frequency of the digital signal are added to 
the digital signal and recorded onto the magnetic re 
cording medium, and upon reproduction, the reproduc 
tion output levels of the pilot signals reproduced as 
crosstalks from both of the adjacent tracks are com 
pared, and the tracking error is detected, 
wherein the reference signal generating circuit (1) 

comprises: 
an EQ (equalizer) for compensating frequency char 

acteristics; 
a PLL circuit for generating reproduction clocks; 
and 

two frequency dividers for frequency dividing an 
output of the PLL circuit and for generating two 
sets of two amplitude detection reference signals 
having the same frequencies as those of the pilot 
signals and whose phases are different by 90'. 

3. A tracking error detecting circuit according to 
claim 1, wherein said vector synthesizing circuit com 
prises: 
two square circuits for squaring the output of the 

LPFs, 
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16 
an adding circuit for adding outputs of the two square 

circuits; and 
a square root circuit for generating a square root 

value of an output of the adding circuit, 
and wherein the vector separated amplitude values of 

the pilot signal are vector synthesized and de 
tected. 

4. A tracking error detecting circuit according to 
claim 1, wherein said two sets of two LPFs are con 
structed so as to respectively generate two non-invert 
ing and inverting signals, 
and said vector synthesizing circuit comprises: 
an oscillating circuit for generating a reference signal; 
a 4-signal switching circuit for switching four signals 

generated from said two LPFs in accordance with 
an output of said oscillating circuit; 

a BPF for detecting signals indicative of amplitude 
values of the pilot signals from an output of the 
4-signal switching circuit; 

a detecting circuit for detecting the amplitude values 
of the pilot signals from an output of the BPF; 

an LPF for eliminating unnecessary components 
other than the amplitude values of the pilot signals 
from an output of the detecting circuit. 

5. A tracking error detecting circuit according to 
claim 1, wherein said two sets of two LPFs are con 
structed so as to respectively generate two non-invert 
ing and inverting signals, 
and said vector synthesizing circuit comprises: 
two maximum value circuits for detecting the maxi 
mum values from the outputs of the LPFs, 

an adding circuit for adding outputs of said two maxi 
mum value circuits; 

a 1/A time multiplying circuit for multiplying 1/A 
time to an output of said adding circuit and for 
standardizing so as to have an amplitude level 
which is equal to that of the output of said maxi 
mum value circuit; and 

a maximum value circuit for detecting the maximum 
value from the outputs of said two maximum value 
circuits and the output of said 1/A time multiplying 
circuit. 

6. A tracking error detecting circuit according to 
claim 5, wherein said maximum value circuit is con 
structed by NPN transistors in which bases are set to 
inputs and emitters are commonly connected and out 
puts are taken out from the emitters. 

7. A tracking error detecting circuit according to 
claim 1, wherein said maximum value circuit is con 
structed by NPN transistors in which bases are set to 
inputs and emitters are commonly connected and out 
puts are taken out from the emitters. 

8. A tracking error detecting circuit of a magnetic 
recording and reproducing apparatus, in which pilot 
signals of different frequencies to detect a tracking error 
are added to a video signal and recorded to each track 
on a magnetic recording medium by a recording and 
reproducing magnetic head, and when a predetermined 
recording track is reproduced by the recording and 
reproducing magnetic head, reproduction output levels 
of the pilot signals reproduced as crosstalks from both 
of the adjacent tracks are compared, and the tracking 
error is detected, comprising: 

a reference signal generating circuit for generating 
two sets of n amplitude detection reference signals 
having the same frequencies as those of the pilot 
signals and whose phases are different; 



5,258,879 
17 

two sets of n multiplying circuits for multiplying 
outputs from the reference signal generating circuit 
and the reproduction output from the recording 
and reproducing magnetic head; 

two sets of n LPFs, for eliminating components other 
than the amplitude detection signals of the pilot 
signals from outputs of said multiplying circuits; 

two sets of vector synthesizing circuits for synthesiz 
ing outputs of said LPFs to the amplitude values of 
the normal pilot signals; and 

a differential circuit for calculating a difference be 
tween the signals generated from the two sets of 
vector synthesizing circuits and for detecting the 
tracking error. 

9. A tracking error detecting circuit according to 
claim 8, wherein in the case where the two sets of n 
amplitude detection reference signals which are gener 
ated from the reference signal generating circuit are 
square wave outputs, a BPF for eliminating unnecessary 
DC components which are caused from odd-number 
order harmonics of the square wave signals by multiply 
ing said two sets of n square wave signals is inserted 
before the two sets of n multiplying circuits. 

8 
10. A tracking error detecting circuit according to 

claim 8, wherein the two sets of n amplitude detection 
reference signals which are generated from the refer 
ence signal generating circuit are 3-value square wave 
signals having a duty ratio of 1:2, and a BPF (400) for 
eliminating unnecessary components which are caused 
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from odd-number order harmonics of fifth order or 
higher which are caused from the 3-value square wave 
signals is inserted before the two sets of n multiplying 
circuits. 
- 11. A tracking error detecting circuit according to 
claim 8, wherein said vector synthesizing circuit com 
prises in absolute value circuits for detecting absolute 
values from the outputs of the LPFs and an adding 
circuit for adding outputs of said n absolute value cir 
cuits. 

12. A tracking error detecting circuit according to 
claim 8, wherein said two sets of n LPFs are con 
structed so as to respectively generate two non-invert 
ing signal and inverting signal, 
and said two sets of vector synthesizing circuits com 

prise maximum value circuits for detecting the 
maximum values from the outputs of said in LPFs. 

k is 


